CNTNAP2 is a gene on chromosome 7 that has shown associations with autism and schizophrenia, and there is evidence that it plays an important role for neuronal synchronization and brain connectivity. In this study, we assessed the relationship between Diffusion Tensor Imaging (DTI), a putative marker of anatomical brain connectivity, and multiple single nucleotide polymorphisms (SNPs) spread out over this large gene. 81 healthy controls and 44 patients with schizophrenia (all Caucasian) underwent DTI and genotyping of 31 SNPs within CNTNAP2. We employed Tract-based Spatial Statistics (TBSS) for inter-subject brain registration and computed average diffusivity values for six major white matter tracts. Analyses of Covariance (ANCOVAs) were computed to test for possible associations with genotypes. The strongest association, which survived rigorous Bonferroni correction, was between rs2710126 genotype and Fractional Anisotropy (FA) in the uncinate fasciculus (p=.00003). This anatomical location is particularly interesting given the enriched fronto-temporal expression of CNTNAP2 in the developing brain.
Introduction
Schizophrenia is hypothesized to be a disorder of brain connectivity (Friston & Frith, 1995; Stephan et al., 2009 ), which could be closely related to abnormalities in the brain's white matter tracts . Microstructure of these tracts is widely investigated using DTI, and a large body of evidence supports abnormalities in schizophrenia (Fitzsimmons et al., 2013; Kyriakopoulos & Frangou, 2009; Mueller et al., 2011) . On the other hand, the anatomical localization of these findings has not been consistent, and it is widely acknowledged that schizophrenia is a heterogeneous disease. This may also explain why it has been very difficult to find genetic loci consistently associated with the disorder, even though schizophrenia is highly heritable (Cardno et al., 1999) . To address these challenges and to learn more about the mechanisms underlying the disease, the study of intermediate phenotypes (often called endophenotypes, (Braff & Light, 2005) ) has come into focus as a worthwhile approach: these are heritable and measurable traits that are hypothesized to represent an intermediate in the causal chain from the genotype to complex and heterogeneous phenotypes like mental disorders. Since the putative causal relationship between the gene and the intermediate phenotype is assumed to be closer than between the gene and the disorder, statistical correlations should also be stronger. Increasingly in recent years, DTI indices have been studied as potential intermediate phenotypes (e.g. (Dennis et al., 2011; McIntosh et al., 2008; Tan et al., 2010; Winterer et al., 2008) ).
Contactin-associated protein-like 2 (CNTNAP2), also known as NRXN4 (Neurexin 4), spans 2.3 Mb on Chromosome 7, and hence is one of the largest genes in the human genome. It has been linked to different neuropsychiatric phenotypes, most notably autism (Alarcon et al., 2002; Arking et al., 2008; Bakkaloglu et al., 2008; Jackman et al., 2009; Li et al., 2010; Rossi et al., 2008) . Several studies also point to a role in schizophrenia, where both rare (Friedman et al., 2008; Stone et al., 2008) and common (O'Dushlaine et al., 2011; Wang et al., 2010) genetic variants have been implicated, also in a genome-wide analysis (Wang et al., 2010) .
Several lines of evidence support a role of CNTNAP2 for brain connectivity. Firstly, there is a small body of imaging genetics literature (Dennis et al., 2011; Scott-Van Zeeland et al., 2010; Tan et al., 2010; Whalley et al., 2011) . Specifically, in children carrying the autism risk allele (C) of rs2710102, prefrontal cortex shows reduced long-range (anterior-posterior), but increased short-range functional connectivity (Scott-Van Zeeland et al., 2010) . In a recent DTI study (Dennis et al., 2011) , whole-brain tractography and graph metrics were used to compare indices of structural connectivity between genotypes of rs2710102. Amongst others, C homozygotes had smaller "eccentricity", which is the distance of a given node to the farthest other node to which it is connected (although it should be noted that these network distances do not simply correspond to anatomical distances). This and the fMRI study cited above (Scott-Van Zeeland et al., 2010) provide some preliminary evidence that the C allele of rs2710102 is associated with reduced long-range brain connectivity.
Another study, comparing genotypes of rs7794745, found that T homozygotes showed reductions of grey-and white-matter volumes in cerebellar, frontal and occipital areas and their connecting tracts, and there were gender-specific FA decreases (anterior thalamic radiation in females; inferior fronto-occipital fasciculus in males) (Tan et al., 2010) .
Further evidence for the gene's influence on brain connectivity comes from its cellular functions: CNTNAP2 codes for Caspr2, which is a transmembrane protein located at the juxtaparanode in myelinated axons, where it is responsible for spatial clustering of voltagegated potassium channels Kv1.1 and Kv1.2 (Poliak et al., 1999) . (In myelinated axons, each node of Ranvier is symmetrically surrounded by two paranodal regions and, beyond these, so-called juxtaparanodes.)
In a similar way, Caspr2 acts at the distal portion of the axon initial segment (AIS) (Inda et al., 2006) . It is this distal portion where so-called chandelier cells, which belong to the parvalbuminexpressing (PV) class of interneurons (Rudy et al., 2011) , have their synapses (Inda et al., 2006) . In schizophrenia, both the AIS and PV interneurons are specifically affected (Braun et al., 2007; Lewis, 2011; Rujescu et al., 2006) . PV interneurons are also specifically diminished in CNTNAP2 knock-out mice (Penagarikano et al., 2011) . Since interneurons play an important role in synchronizing of neuronal activity (Cobb et al., 1995) , it may not be surprising that these knockout mice also showed reduced synchrony of neuronal activity, while overall rate and amplitude of firing were unchanged (Penagarikano et al., 2011) .
Synchronized neuronal activity in turn is important for the formation and maintenance of synapses and axons (Zhang & Poo, 2001 ). More generally, altered functional connectivity can be expected to lead to altered structural connectivity (Hua & Smith, 2004; Stephan et al., 2009; Zhang et al., 2001) . Accordingly, in the present study, we sought to test the hypothesis that CNTNAP2 polymorphisms are associated with structural connectivity as assessed with DTI. In order to localize any genotype effects within this unusually large gene, we chose 31 SNPs spread out over the whole gene, including loci that have been found to be associated with clinical, neuropsychological (especially language-related) and imaging phenotypes (see Table 1 ).
Methods

Subjects
This study was part of a larger clinical, imaging and genetics study at the Department of Psychiatry, University of Munich, Germany. Patients with schizophrenia were recruited in inpatient, day-treatment and outpatient settings, and DSM-IV diagnosis of schizophrenia was confirmed by clinical interview with an experienced psychiatrist. Unrelated healthy volunteers were recruited from the general community and underwent comprehensive interviews including the Structured Clinical Interview for DSM-IV (SCID I and SCID II (First et al., 1997; Wittchen et al., 1997) ), to assess for any lifetime axis I and II disorders. In order to avoid ethnicity as a confounding factor in the genetic analysis, only Caucasian individuals were included in this study.
Exclusion criteria for all participants were neurological disorders, history of traumatic brain injury, medical illness significantly impairing neurocognitive function and diagnosis of mental retardation (as determined by WRAT-4 and/or WASI scores <70). Additional exclusion criteria for control subjects were presence or history of any mental illness in the volunteers themselves or their first degree relatives.
The study was conducted in accordance with the Declaration of Helsinki and was approved by the local Ethics Committee at the University of Munich, Faculty of Medicine. Written informed consent was obtained from all participants after explaining the experimental procedures. All patients included were capable of giving fully informed consent, as determined by a psychiatrist.
Genotyping
SNPs were selected from the NCBI SNP database (http://www.ncbi.nlm.nih.gov/entrez/ query.fcgi?db=snp). In a first step, we prioritized SNPs that are exonic. Of the 153 exonic CNTNAP2 SNPs listed in the database, however, only two are polymorphic in Caucasian populations (i.e. have a minor allele frequency of >1%). These two were selected.
In a second step, to include additional SNPs, we selected those with phenotype associations previously reported in pubmed publications (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi? db=PubMed), prioritizing associations with neuropsychiatric phenotypes (see Table 1 ).
Thirdly, we included haplotype tagging SNPs (i.e., a SNP that is representative of a region with high linkage disequilibrium (LD)). These were selected using the "Tagger" algorithm (http://www.broad.mit.edu/mpg/tagger/server.html), which is described in detail elsewhere (de Bakker et al., 2005) . The rationale is to cover as much genetic variability in CNTNAP2 as possible with as few SNPs as possible.
Fourthly, large physical gaps were covered through inclusion of further SNPs. Lastly, some SNPs had to be excluded due to incompatibilities between SNPs in the multiplex sequencing assay, for example incompatibilities between the relevant primers. In these cases, we substituted the SNP with another one in high LD with the first.
Altogether, 31 SNPs were included covering 2.29 Mb of the CNTNAP2 gene region (Chr7: 145810125 … 148103987 position, hg19 assembly) with a mean difference of 73kp between the SNPs (see Table 1 ).
For genotyping, DNA was extracted from blood samples and SNPs were genotyped using the MassARRAY platform (Sequenom, San Diego, CA) according to manufacturer's protocol (Oeth et al., 2007) . Briefly, PCR-and extension primers were designed using the Assay Designer 4.0 (Sequenom, San Diego, CA). 12.5ng of genomic DNA were used for Multiplex PCR reactions with a mastermix containing 500 M dNTPs (ABgene, Hamburg, Germany), 100nM PCR primers, 1.625mM MgCl2 and 0.5U HotStar Taq polymerase (Qiagen, Hilden, Germany). Following an SAP (shrimp alkaline phosphatase) treatment, the iPLEX reaction cocktail containing extension primers (7-14 M), 1× iPLEX termination mix and 1× iPLEX enzyme (Sequenom, San Diego, CA) was added to the PCR-products. After desalting the extension products with SpectroCLEAN resin (sequenom, San Diego, CA), samples were spotted on SpecroCHIPs GenII (Sequenom, San Diego, CA) and analyzed with the MassARRAY MALDI-TOF mass spectrometer. Allele-specific extension products and resulting genotypes were identified by Typer 3.4 Software (Sequenom, San Diego, CA). For genotyping quality assurance the CEU HapMap Trios (Coriell Institute for Medical research, Camden, NJ) were included and compared with the hapmap database (www.hapmap.org).
All selected SNPs met the following criteria: minor allele frequency was >1%, genotyping information was available for at least 90% of study subjects (mean: 97.3%), and p-value for deviation from Hardy-Weinberg equilibrium was greater than .01. Supplemental Figure S1 gives a graphical representation of the genomic locations and LDs of all 31 SNPs.
Image acquisition
All participants were scanned on the same 1.5 Tesla MRI scanner (Sonata, Siemens Medical Solutions, Erlangen, Germany) using a standard circular-polarized head coil. Brain Diffusion Tensor MRI (DTI) was acquired in axial orientation using a diffusion-weighted spin-echo single-shot echo-planar imaging (EPI) sequence with diffusion encoding in 32 directions (TE=83ms, TR=6600ms, FOV=320 × 280, matrix size 128 × 112, 44 contiguous axial slices with 2.5 mm thickness, b-values 0 and 1000s/mm 2 ). MRI scans were carefully evaluated to rule out structural abnormalities or artifacts.
Image processing
First, the diffusion data were corrected for motion and eddy currents through affine registration to the b0 volume. This was done using the Linear Image Registration Tool (FLIRT), part of the Oxford Centre for Functional MRI of the Brain (FMRIB) Software Library (FSL, http://fsl.fmrib.ox.ac.uk/fsl/). Diffusion gradients were rotated accordingly.
After deleting non-brain tissue from the images using the Brain Extraction Tool (BET) (Smith, 2002) , the diffusion tensor was estimated for each voxel, using a weighted leastsquares method in 3D Slicer (http://www.slicer.org). The diffusion tensor consists of three Cartesian eigenvectors with corresponding eigenvalues, ( 1 , 2 , 3 , in order of decreasing magnitude), quantifying water movement in three perpendicular directions. In white matter tracts, water is thought to move more freely along the axons than in perpendicular directions. Such directionality is quantified by FA, the normalized variance of the three eigenvalues. Mean diffusivity (MD) is the average of all three eigenvalues and thus quantifies overall diffusion regardless of direction. Axial diffusivity (AD= 1 ) measures diffusion in the principal diffusion direction (e.g. along the axon), while radial diffusivity (RD=( 2 + 3 )/2) reflects diffusion perpendicular to this main direction.
For between-subject registration, we used TBSS, also part of FSL (Smith et al., 2006) . TBSS creates a white-matter skeleton representing the central course of fiber tracts and therefore reduces partial volume effects. First, all FA images were non-linearly registered to the FMRIB58_FA template using the Non-Linear Image Registration Tool in FSL (FNIRT) (Andersson et al., 2007a; , using a b-spline representation of the registration warp field (Rueckert et al., 1999) . Next, a mean FA volume was computed and subsequently underwent a thinning process to create the skeleton, which was then thresholded to contain only voxels with FA>0.2. Along this skeleton, neighboring voxels were searched for the local maximum FA values, which were then projected onto the skeleton. In order to analyze the other scalars of interest (AD, RD and MD), we applied the nonlinear warps obtained from FA registration, as well as the skeleton projection of the FA data, to the other diffusion scalar volumes.
For part of the scans, the field-of-view did not contain parts of the cerebellum and the inferior temporal lobe. After TBSS processing, all registered FA volumes (and the mean FA volume) contained only that field-of-view that was common to all subjects included in the study. Within this common field-of-view, co-registration of white matter tracts was undisturbed. For analysis, we only chose white-matter tracts whose atlas mask was entirely inside this common field-of-view (see below).
Johns Hopkins University (JHU) ICBM-DTI-81 White-Matter Labels Atlas (Hua et al., 2008; Mori, 2005) was used to mask the relevant parts of the white-matter skeleton, which is similar to a method previously described by other groups (Karlsgodt et al., 2009; Karlsgodt et al., 2008; Kochunov et al., 2010) . This atlas contains labels for 27 white matter regions. To reduce the number of tests, we focused our analyses on six major cortico-cortical white matter tracts (see Figure 1 ): cingulum bundle (cingulate gyrus part), corpus callosum (genu, body and splenium), superior longitudinal fasciculus, anterior thalamic radiation (comprising the atlas labels "anterior limb of internal capsule" and "anterior corona radiata"), sagittal stratum (which according to the JHU atlas contains fibers from the inferior longitudinal and inferior fronto-occipital fasciculi), and uncinate fasciculus.
The TBSS skeleton was masked with the appropriate atlas labels, and mean values of FA, MD, AD and RD were computed over every masked region.
Statistical Analysis
For each tract, correlation between FA values in the two hemispheres was high (Pearson's r >.65), so we decided to average diffusivity values over both hemispheres for the subsequent analyses. This was done in order to reduce the number of repeated measures, and to include the corpus callosum, which is unpaired, into the same statistical model. (An additional model with separate entries for left and right was computed as a secondary analysis, see below.)
In the main analysis, we computed a mixed ANCOVA for each SNP: within-subject factor was region (6 levels), between-subjects factor was genotype, and covariates were diagnostic group, gender and age. If there was a significant main effect of genotype, this was noted. If there was a significant genotype-by-region interaction, this meant that the genotype effect differed between brain regions.
Only in this latter case, we computed separate ANCOVAs for each of the six regions. In these region-specific ANCOVAs, between-subjects factor was genotype, and covariates were diagnostic group, gender and age.
A Bonferroni correction was performed as follows: In the first model (mixed ANCOVAs), since we tested 31 SNPs and 4 diffusivity parameters, the significance threshold was set to . 05/(31*4)=.0004. In the second model (region-specific ANCOVAs), the threshold was set to .05/(31*4*6)=.000067, since the theoretical maximum number of tests could have been 31 regions times 4 DTI indices times 6 regions.
We consider this approach to be conservative for several reasons: Firstly, we computed the region-specific ANCOVAs only if there was a significant genotype-by-region interaction in the mixed ANCOVA. Therefore, we computed only a fraction of those 744 (31*4*6) regionspecific ANCOVAs that would have theoretically been possible. Secondly, the 31 SNPs are in partial Linkage Disequilibrium and are therefore not statistically independent from each other. Thirdly, also the four DTI indices are very closely related mathematically, and therefore cannot be considered statistically independent either. All statistical analyses were performed using SPSS for Mac, Version 19.
Results
Demographical and clinical variables
125 subjects (44 patients with schizophrenia and 81 healthy controls) were included. See Table 2 for demographical and clinical information.
The primary objective of this study was to compare diffusivity values between genotype groups. We therefore assessed whether genotype groups for all 31 SNPs differed on any of the following (potentially confounding) variables: diagnosis, age, gender, handedness, level of education and, for schizophrenics only, chlorpromazine equivalents and PANSS scores and sub-scores. This was assessed with one-way ANOVAs, Kruskal-Wallis-Tests or 2 -tests as appropriate. As an important result, the SNP whose significant effect on FA is reported below was not associated with any of these variables.
Since a secondary objective in our study was to compare genotype-diffusivity associations between patients and controls (i.e. test for genotype-by-diagnosis interaction effects), we also assessed whether patients and controls differed on demographic variables. This was the case for age and gender, but not handedness and level of education (see Table 2 ). Age and gender were therefore included as covariates in all further analyses.
Genotype effects on diffusivity measures
We found a significant genotype-by-region interaction effect on FA for rs2710126 (F(8.128, 483.6)=4.108, degrees of freedom adjusted according to Huyn-Feldt to account for violated assumption of sphericity, p=.00008).
In order to follow up on this interaction, we performed ANCOVAs for each of the six regions separately. There was a significant main effect of rs2710126 genotype on FA in the uncinate fasciculus (UF, see Figure 2 and Table 3 ). Genotype explained 15% of the total variance in FA ( 2 =.15), corresponding to a medium to large effect size. Post-hoc contrasts indicated that A homozygotes had lower FA than both other groups.
For RD, there were corresponding effects (A homozygotes showing higher RD than the rest), which did not survive Bonferroni correction (see Supplementary Table S1 ). There were no effects for MD or AD.
In addition, we assessed whether the effect of rs2710126 on FA in the UF was present also within each subsample (patients and controls). In either subgroup, the effect was still nominally significant, but did not survive Bonferroni correction (controls: p=.0006, patients: p=.03).
Further, we examined whether the effect of rs2710126 on FA in the UF was different between patients and controls. To this end, we computed a General Linear Model modified relative to our main analysis, namely including a genotype-by-diagnosis interaction term. This interaction was non-significant, suggesting that the genotype effect does not fundamentally differ between patients and controls.
Also, in order to test whether the effect of genotype on FA in the UF was side-specific, we computed a model with separate entries for each hemisphere, with "hemisphere" as a withinsubjects factor. There was no significant side-by-genotype interaction effect, suggesting that the genotype effect cannot be assumed to be side-specific.
Apart from rs2710126, there were several further SNPs that were nominally significant with p<.01, but did not survive Bonferroni correction (see Supplementary Table S1 and Discussion).
Discussion
To the best of our knowledge, this is the first imaging genetics study to assess the effect of multiple loci spread out over the whole CNTNAP2 gene, which is one of the largest genes in the human genome and has previously shown numerous associations with neuropsychiatric phenotypes.
In our sample, rs2710126 A homozygotes had lower FA specifically in the UF. This association survived rigorous Bonferroni correction for 31 SNPs, 6 white matter regions and 4 DTI indices. The anatomical specificity may correspond to gene expression data in human fetal development: The UF is one of the main pathways connecting the frontal and anterior temporal lobes, and CNTNAP2 expression was repeatedly found to be enriched in frontal and anterior temporal cortices (Abrahams et al., 2007; Alarcon et al., 2008; Ip et al., 2010) . In schizophrenia, abnormal DTI measures in the uncinate fasciculus have repeatedly been found (Fitzsimmons et al., 2013) , and correlate with neuropsychological functioning (Hanlon et al., 2012; Spoletini et al., 2009 ). Fronto-temporal dysconnection (particularly between dorsolateral prefrontal cortex and hippocampus) has been hypothesized to be a core factor in the pathophysiology of schizophrenia (Meyer-Lindenberg, 2010 ).
When including a genotype-by-diagnosis interaction term into the statistical model, we found no evidence that the genotype-DTI association was different between patients and controls. Given the smaller size of the patient sample, we acknowledge that larger studies are needed to investigate this interaction more closely.
Several other SNPs had nominally significant effects that did not, however, survive Bonferroni correction (see Supplemental Table S1 ). In particular, it might be worth noting the associations of a region around intron 13 (represented by rs2710102, rs759178 and rs2538991). This region has previously shown numerous associations with imaging and neuropsychological (especially language-related) phenotypes (see Table 1 ), and therefore represents an interesting a-priori candidate. In our sample, there was an effect on AD in the dorsal cingulum bundle. Anatomically, this may be related to the association of rs2710102 with functional connectivity between medial prefrontal cortex and posterior brain regions (Scott-Van Zeeland et al., 2010) .
With regard to the histological interpretation of our findings, axonal and myelin alterations are often referred to as possible correlates of decreased FA (Concha et al., 2010; Harsan et al., 2006; Klawiter et al., 2011; Song et al., 2003) . It should be noted in this context that CNTNAP2 knockout mice did not show alterations in myelin morphology or thickness, nor in axonal caliber, at least in optic nerves (Poliak et al., 2003) .
In light of the CNTNAP2 functions mentioned in the Introduction (particularly concerning neuronal synchronization), and given the gene's importance for neurodevelopment (Abrahams et al., 2007; Alarcon et al., 2008; Penagarikano et al., 2011; Poliak et al., 1999; Strauss et al., 2006; Whitehouse et al., 2011) , one could speculate that, on the basis of functional connectivity differences, development of long-range anatomical connectivity may vary between CNTNAP2 genotypes (Hua et al., 2004; Stephan et al., 2009; Zhang et al., 2001 ).
Another histological dimension that could potentially underly our findings are ectopic neurons present in white matter, which have been linked both to CNTNAP2 dysfunction (Penagarikano et al., 2011; Strauss et al., 2006) and schizophrenia (Eastwood & Harrison, 2003; Rioux et al., 2003) .
These interpretations, however, remain speculative, and it is important to note that a SNP represents genetic variation in a haplotype block, not altered gene function. Our findings thus provide only indirect evidence for a causal chain from the polymorphism via gene function to altered white matter microstructure.
Additional limitations of this study include the fact that the sample size was not sufficient to confirm the genotype effect in both subgroups individually, at the chosen level of Bonferroni correction. Moreover, in face of the extremely complex causal network between multiple genotypes, environmental factors, intermediate phenotypes and disease phenotypes, our study only assesses a fraction of possible associations and interactions.
In summary, we detected some interesting intermediate phenotype associations. Specifically, the effect of rs2710126 on UF diffusivity is an intriguing finding given the anatomical expression pattern of the gene in the developing human brain. Further, there was evidence of an association within a genetic region (intron 13) that has already been implicated in numerous neuropsychiatric phenotypes.
Since we chose a relatively large number of SNPs spread out over this unusually large gene, our study should contain interesting information as to which regions of CNTNAP2 are particularly relevant for brain connectivity and functioning in health and disease.
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Refer to Web version on PubMed Central for supplementary material. Regions of interest based on the TBSS white matter skeleton and Johns Hopkins University (JHU) ICBMDTI-81 White-Matter Labels Atlas (Hua et al., 2008; Mori, 2005) . Six major white matter tracts were chosen for analysis: cingulum bundle, cingulate gyrus part (CB, turquoise), corpus callosum (CC, blue), superior longitudinal fasciculus (SLF, pink), anterior thalamic radiation (ATR, red; this comprised the JHU atlas labels "anterior limb of internal capsule" and "anterior corona radiata"), sagittal stratum (SS, green; according to the JHU atlas, this mainly comprises fibers of the inferior fronto-occipital and inferior longitudinal fasciculi), and uncinate fasciculus (UF, yellow). Coronal slices at MNI coordinates Y=-23, -2 and 7 are shown, following the radiological convention (right hemisphere is left on figure) . (Arking et al., 2008; Li et al., 2010) , fMRI (Whalley et al., 2011) , MRI volumetry (Tan et al., 2010) , DTI (Tan et al., 2010) Language deficits in specific language impairment (Vernes et al., 2008) , language development in the general population (Whitehouse et al., 2011) , selective mutism A/G 0.32 Language deficits in specific language impairment (Vernes et al., 2008) Language deficits in dyslexia (Peter et al., 2011) , language development in the general population (Whitehouse et al., 2011) 16 rs2710102
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No association with phenotype found word is spoken in ASD , language development in the general population (Whitehouse et al., 2011) , selective mutism , social anxiety ), fMRI (Scott-Van Zeeland et al., 2010 Whalley et al., 2011) , DTI connectivity parameters (Dennis et al., 2011) 17 rs759178
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Intron 13
T/G 0.45 Language deficits in specific language impairment (Vernes et al., 2008) , age at which first word is spoken in ASD , language development in the general population (Whitehouse et al., 2011) 18 rs2538991 147579619 Intron 13
T/G 0.46 Language deficits in specific language impairment (Vernes et al., 2008) 19 rs2538976
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A/G 0.46 Language deficits in specific language impairment (Vernes et al., 2008) , age at which first word is spoken in ASD , language development in the general population (Whitehouse et al., 2011) 20 rs4431523
147597166
Intron 13 T/C 0.34 Language deficits in specific language impairment (Vernes et al., 2008) Language deficits in dyslexia (Peter et al., 2011) 21 rs2710117
147601772 Intron 14 A/T 0.36 Language deficits in specific language impairment (Newbury et al., 2011; Vernes et al., 2008) , language development in the general population (Whitehouse et al., 2011) Language deficits in dyslexia (Newbury et al., 2011) 22 rs2707575 Language deficits in specific language impairment (Vernes et al., 2008) , language development in the general population (Whitehouse et al., 2011) 25 rs2710075 Table 2 Demographical and clinical characteristics of the study sample All participants were of Caucasian ethnicity. * Taking into account the specifics of the German system of school, vocational and academic education, an ordinal score of educational level was applied (range 1-10; 10 highest). Abbreviations: SD, standard deviation; MWU, Mann-Whitney-U; PANSS, Positive and Negative Symptoms Score. The statistical model included diagnosis, age and gender as covariates. * P values of significant post-hoc contrasts are shown in parentheses. P values are Bonferroni-corrected for testing of three post-hoc contrasts.
